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ABSTRACT ARTICLE HISTORY
Background: The aim of this study was to explore the effects Received 9 December 2022
of a low dose (LD) of 0.625 mg and a high dose (HD) of 2.5 mg Accepted 2 April 2023
of phenylcapsaicin (PC) on full squat (SQ) performance, active KEYWORDS
muscle (RPE-AM) and overall body (RPE-OB) ratings of per- TRPV1; ergogenic aid;
ceived exertion, muscle damage, protein breakdown, meta- capsaicinoids; velocity-based
bolic response, and 24-h recovery in comparison to placebo training; velocity loss
(PLA).

Method: Twenty-five resistance-trained males (age=21.00+2.15

years, SQ 1-repetition maximum [1RM] normalized = 1.66 + 0.22 kg)

were enrolled in this randomized, triple-blinded, placebo-

controlled, crossover trial. Participants completed 2 weekly sessions

per condition (LD, HD, and PLA). The first session consisted of pre-

blood testing of lactate, urea, and aspartate aminotransferases

(AST) and 2 SQ repetitions with 60% 1RM followed by the resistance

exercise protocol, which consisted of SQ sets of 3 x8 x 70% 1RM

monitoring lifting velocity. RPE-OB and RPE-AM were assessed after

each set. After the first session, 2 SQ repetitions with 60% 1RM were

performed, and blood lactate and urea posttests were collected.

After 24 h, AST posttest and 1x 2 x 60% 1RM were determined as

biochemical and mechanical fatigue outcomes.

Results: HD reported significant differences for RPE-AM, AST, and

SQ performance compared to LD and PLA. Post-hoc analyses

revealed that HD attained faster velocities in SQ than LD (p=

0.008). HD induced a lower RPE-AM when compared with LD (p =

0.02) and PLA (p = 0.004). PLA resulted in higher AST concentrations

CONTACT Juan C. Colado @juan.colado@uv.es @ Department of Physical Education and Sports, University of
Valencia C/Gascé Oliag 3, Valencia, 46010, Spain

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://
creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited. The terms on which this article has been published allow the posting of the Accepted
Manuscript in a repository by the author(s) or with their consent.


http://orcid.org/0000-0003-2126-2416
http://orcid.org/0000-0002-2737-5270
http://orcid.org/0000-0002-9728-5684
http://orcid.org/0000-0002-0541-2050
http://orcid.org/0000-0001-5135-7913
http://orcid.org/0000-0001-7184-7610
http://orcid.org/0000-0002-3255-3940
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/15502783.2023.2204083&domain=pdf&date_stamp=2023-04-21

JOURNAL OF THE INTERNATIONAL SOCIETY OF SPORTS NUTRITION 193

at 24-h post than HD (p=0.02). No significant differences were
observed for the rest of the comparisons.

Conclusions: This study suggests that PC may favorably influence
SQ performance, RPE-AM, and muscle damage compared to PLA.
However, HD exhibited most of the biochemical and mechanical
anti-fatigue effects instead of LD.

1. Introduction

Sports supplements are popular ergogenic aids among athletes aiming to improve their
sport performance [1,2]. Recently, sports nutrition research has focused on the discovery
of new active compounds which may be able to improve high-intensity training in
different modalities [3,4]. Within this context, capsaicinoids have emerged as a plausible
ergogenic aid for strength conditioning and high-intensity sports [5,6]. Capsaicinoids are
a group of compounds naturally found in spicy chili peppers which are characterized by
their vanilloid structure [7]. Capsaicin (8-methyl-N-vanillyl-trans-6-nonenamide), which is
found in the placental tissue of Capsicum fruit, has emerged as the primary and most
abundant capsaicinoid with therapeutic and physical performance relevance [6,8]. In this
sense, capsaicin has exhibited improvements on several pathophysiological conditions,
such as chronic musculoskeletal and neuropathic pain, gastrointestinal disruptions (e.g.
gastroduodenal mucosal injury), and metabolic disorders (e.g. overweight) [9,10]. On the
other hand, capsaicin seems to enhance sport performance by reducing ratings of
perceived exertion and perceived discomfort while improving mechanical performance
(e.g. total volume load) [5,11].

The aforementioned physiological effects of capsaicin have been associated with the
transient receptor vanilloid 1 (TRPV1) [12]. TRPV1 content is especially high in afferents IlI
and IV nerve fibers, which are linked to peripheral and central fatigue during high-
intensity tasks [13-15]. The feedback from afferents lll and IV could directly or indirectly
reduce motoneuron firing and motor unit recruitment [14,15]. In this sense, the TRPV1
content of these nerve fibers (mainly in group IV afferents) has been proposed as a target
for enhancing physical performance by using capsaicin [5,6,16]. Thus, as a TRPV1 agonist,
capsaicin could improve muscle contraction by increasing the perceived heat analgesia
and the release of calcium from the sarcoplasmic reticulum, which are linked to motor
units function [5].

To date, capsaicinoid supplementation has mainly been tested on sports performance
with encapsulated capsaicin formulations [5]. Purified acute (i.e. 45 min before exercise)
oral capsaicin supplementation has demonstrated an ergogenic effect in upper- and
lower-limb resistance training tasks [5,17]. For instance, de Freitas et al. [6] in a double-
blind, randomized placebo-controlled trial found that acute 12 mg of capsaicin signifi-
cantly increased the number of repetitions until failure, increased the total weight lifted,
and reduced overall body RPE (RPE-OB) in squat with a not-volume-matched design. By
contrast, a lower dose of purified capsaicin (i.e. 1.2 mg in gummy format) did not reach
significant differences in summed torque or fatigue index of an isokinetic knee extension
exercise in a randomized, double-blinded, controlled trial [18]. Within this context,
although velocity-based training has been proposed as an objective approach to
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monitoring resistance training load by reflecting the state of the neuromuscular system to
produce force against a load [19,20], only one study has examined the effects of capsaicin
on velocity variables in resistance training [17]. Furthermore, research approaching cap-
saicinoids effects on velocity-derived outcomes has only been reported for upper-limb
exercises but not for any lower-limb activity (e.g. squat) [5,17].

Although capsaicin TRPV1 activity may be linked to its spiciness [8,9], encapsulated
capsaicin has not gotten a direct pungent taste. However, previous research has reported
intestinal discomfort after high-dose (HD) oral encapsulated capsaicin supplementation
(25.8 mg) [21], which suggests that capsaicin may be irritating, in spite of the vehicle of
administration used. Recently, a new synthetic analog called phenylcapsaicin (PC) has
emerged as an alternative to traditional oral purified capsaicin supplementation [22]. PCis
a microencapsulation of 98% of PC and 1-1.5% of cellulose and lipidic excipients as
primary vehicles [22]. Through hepatic glucuronidation, PC is fast presented in tissues
such as the small intestine, stomach, and liver after 0.5 h of ingestion [22]. Therefore, it is
supposed that microencapsulation might entail a lower pungency power, less digestive
system mucosa irritation, and potentially a higher bioavailability [10,22]. Therefore, given
that purified capsaicin ergogenic dose oscillates around 12 mg [6], PC might exert positive
ergogenic effects with lower doses (i.e. less than 2.5 mg). This reasoning may be aligned
with the current European Food Safety Authority (EFSA) PC permitted limits for dietary
supplements (i.e. 2.5 mg) [22].

On the other hand, acute muscle damage, protein breakdown, and recovery variables
have not been assessed in response to capsaicin supplementation yet. As intense exercise
may increase metabolic, biochemical, and neuromuscular fatigue in acute and short-term
ways [11,23], exploring the biochemical, perceptual, and neuromuscular effects of capsai-
cin on these topics may also be relevant for researchers and practitioners.

Therefore, the aim of this study was to explore the effects of low dose (LD) and HD of
PC on lower-limb performance in the full squat (SQ) exercise under velocity-based control,
metabolic responses to exercise, acute biochemical muscle damage, protein breakdown,
RPE, and perceived recovery in resistance-trained men. These assessments were
approached under a randomized, triple-blinded, placebo-controlled, crossover design. It
was hypothesized that PC may exert a positive impact in a dose-response way on velocity
outcomes and RPE. However, a concomitant increment of perceived fatigue, protein
breakdown, and muscle damage would have appeared after PC supplementation due
to the increase in physical performance. It was expected that impairments in performance
as well as muscle and protein damage were higher in the HD condition.

2. Materials and methods
2.1. Participants

Twenty-five healthy men (age=21.0 £ 2.2 years, body mass =76.5+9.5 kg, height=
176.4£7.5cm, and SQ 1-repetition maximum [1RM] normalized to body mass = 1.66 +
0.22) enrolled voluntarily to this study. Of the total sample, two participants dropped out
of the study, one due to causes not related to the study, and the other after the placebo
session. All participants were resistance-trained men with at least 2 years of experience



JOURNAL OF THE INTERNATIONAL SOCIETY OF SPORTS NUTRITION 195

(experience = 3.61 £ 1.43 years). Exclusion criteria comprised cardiovascular, neurological,
physical, and/or metabolic disorders that may disturb primary outcomes.

One week before the beginning of the study, SQ strength and anthropometric
measurements (i.e. body mass and height) were tested for all participants.
Participants were asked not to consume alcohol, caffeine, or other ergogenic aids.
Besides, they could not to perform intense exercise or modify their macronutrients
distribution, calorie intake, and food selection 24 and 48 h before each session. The
experimental protocol was explained before the informed consent, and sample
collection agreement was signed prior to the first experimental session. The study
protocol adhered to and respected the tenets of the Declaration of Helsinki and was
approved by the Institutional Review Board of Pablo of Olavide University (Code:
0513-N-22).

2.2. Experimental design

A randomized, triple-blinded, placebo-controlled crossover trial was used to explore the
effects of PC on resistance training performance, muscle damage, and metabolic
responses. Participants attended the laboratory twice per week for a total study duration
of 3 weeks. Each week of the study consisted of a main experimental session and a follow-
up session. For each condition, six capillary blood extractions, a warm-up, an SQ testing
protocol, and a 24-h recovery and muscle damage follow-up session were performed.
The order of the interventions was randomized for all participants by an external
researcher in a balanced way before the beginning of the study in order to reduce training
bias risk. The Research Randomizer website (www.randomizer.org) was used. All proce-
dures were completed at the same time of the day and under stable environmental
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Figure 1. Overview of the experimental protocol and methodological aspects of the timeline. PC,
phenylcapsaicin; S1/2, Session 1/2; 1RM, one-repetition maximum; AST aspartate aminotransferase.
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conditions (22°C-24°C and 55% humidity) for each participant. The overall design of the
study is depicted in Figure 1.

2.3. Supplementation procedures

To ensure blinding, supplements and placebo (Life Pro Nutrition industries, Madrid, Spain)
were encapsulated and packaged with numbered labels by an independent researcher
(i.e. not involved in the study). Packages and capsules were indistinguishable in appear-
ance, smell, and taste, and their content was only revealed after an independent
researcher performed the statistical analyses.

Oral ingestion of each condition was performed 45 min before the first physical testing
session of each week, according to previous research [5,22]. Participants were encouraged
to freely select one capsule of the assigned numbered condition under researcher super-
vision. Participants were only allowed to consume the selected capsule with water.
Capsules contained a 0.625 mg LD of PC, a 2.5 mg HD of PC (Axivite, Malmo, Sweden),
and a PLA composed of maltodextrin and excipients. According to the EFSA, both PC
doses are considered in the safety range proposed by its expert panel judgment [22].

2.4. Blood testing

Blood samples were extracted and analyzed at four different times each week. Before the
beginning of each first session, baseline capillary lactate, blood urea, and aspartate
aminotransferase (AST) samples were collected from the index fingertip of each partici-
pant. The timeline for each biomarker was chosen due to suitability and reproducibility
according to previous data [23,24]. Capillary blood extractions were conducted with
a sterilized lancet after cleaning and drying the fingertip of participants before each
attempt. Lactate Pro 2 LT-1730 (Arkray, Kyoto, Japan) was used for lactate measurements
as it has been shown previously to be reliable throughout the physiological range of 1.0-
18.00 mmolI™" [25]. Posttest lactate was approached 90 s after the last SQ set as
a metabolic indicator of the exercise intensity [26]. Urea and AST were tested with 28.5-
31.5ul blood samples using automatic reflectance photometry (Reflotron, Roche,
Boehringer Mannheim, Germany) [27,28] as whole-body protein breakdown and muscle
damage measurements, respectively. For the determination of urea and AST, heparinized
capillary tubes, pipettes, and the manufacturer’s reagent strips were used immediately
after each extraction [23]. According to previous research, posttests extractions and
analyses were performed 40 min [23] after the last SQ set for urea as a purine cycle
indicator [29] and before starting the 24-h follow-up session for AST [24] (Figure 1).

2.5. Resistance training protocol

2.5.1. Progressive loading test

Before the beginning of the study, each participant undertook an initial test with increas-
ing loads for the individual determination of the TRM and the load-velocity relationship in
the SQ exercise [30]. For this purpose, a smith machine with no counterweight mechanism
was used (Multipower Fitness Line, Peroga, Murcia, Spain). The mean propulsive velocity
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(MPV) was directly measured for each repetition with a linear velocity transducer (T-Force
System, Ergotech, Murcia, Spain) attached perpendicularly to the barbell [19].

Concerning the progressive loading test, the initial load was set at 30 kg, and it was
progressively increased in 10 kg until the mean propulsive velocity (MPV) was 0.50 m-s~".
Then, the load was increased with smaller increments (2.5-5.0 kg) until the repetition
could not be completed. Three repetitions were completed for light loads (=1.00 m:s™"),
two for medium loads (1.00-0.80 m-s™'), and one for the heaviest loads (<0.80 m-s™"). Rest
periods were 3 min for light and medium loads and 5 min for heavy loads. Only the best
repetition (i.e. highest MPV) with each load was considered for load-velocity relationship
calculation [31].

The SQ was performed with subjects starting from the upright position with the
knees and hips fully extended, parallel feet and stance approximately shoulder-
width apart, and the barbell resting across the back at the level of the acromion.
Each subject descended in a continuous motion until the top of the thighs was
below the horizontal plane (~35°-40° knee flexion), then immediately reversed
motion, and raised back to the upright position. Unlike the eccentric phase that
was performed at a controlled mean velocity (~0.50-0.65 m-s™'), participants were
encouraged to always perform the concentric phase of the SQ at maximal intended
velocity [32].

2.5.2. Warm-up

The standardized warm-up of the 2 weekly SQ sessions consisted of (I) 5 min of running at
9km-h™", (Il) three sets of 10 repetitions of bodyweight squat, (lll) three progressive
countermovement jumps, and (IV) 3 sets of 2 SQ repetitions with the 40%, 50%, and
60% of 1RM resting 2 min between sets. These warm-up intensities were chosen based on
previous research of the field [31] in order to progressively prepare subjects but not to
fatigue them.

2.5.3. Full squat protocol

The execution technique has been described in the progressive loading test section. The
SQ protocol consisted of three sets of eight repetitions with 70% 1RM with a 2-min rest
period between sets. Therefore, training volume was matched for all sessions. Thus,
velocity loss could be compared for the same training performed after different
interventions.

According to warm-up sets velocities and the individual load-velocity relation-
ship, 70% 1RM load was daily established for each participant. This load was
chosen because this TRM percentage may involve a submaximal non-extenuating
(i.e. without reaching muscle failure) high effort for the selected repetitions [20].
Finally, as MPV and, consequently, the percentage of velocity loss (VL) are indica-
tors of neuromuscular fatigue [20], two repetitions with 60% 1RM load were
performed 3 min and 24 h after the last set of the 3 x 8 protocol. Velocity values
were treated as the fastest, mean, and slowest obtained for the three sets. The
percentage of mean and maximal VL was calculated in agreement with previous
research [33].
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2.6. Rating of perceived exertion and perceived recovery status assessment

Subjective fatigue and recovery assessment was conducted using the perceived recovery
status (PRS), RPE-OB, and active muscle RPE (RPE-AM) scales. PRS, RPE-AM, and RPE-OB are
subjective recovery and fatigue status pictographs where cutoff points ranged from 0 to
10. Although subjects were familiarized with both pictographs before the start of the
study, both pictographs were presented during the previous session to the study start. In
PRS, the perceived recovery is set between “very poorly recovered/extremely tired”
(value 0) and “very well recovered/highly energetic” (value 10) [34,35]. PRS was explained
again and evaluated before the start of the post-24-h follow-up session for each
condition.

Fatigue was evaluated using RPE-AM and RPE-OB immediately after each 3 x 8 set [36].
RPE scales were explained after the 60% 1RM load and before the 3 x 8 protocol for each
condition. The maximum perceived exertion was set on the value 10, which corresponds
to reaching exhaustion (i.e. last set rating of exertion of the progressive loading test), and
the basal intensity is represented with the value 0. RPE-AM was set up as the locally
perceived exertion of the quadriceps and RPE-OB as the traditional general perceived
exertion of the whole body [36]. Both validated scales were printed, and participants were
able to visualize each one when they required them.

2.7. Sample size calculation

Sample size calculation was performed using the G* POWER software (Heinrich-Heine-
Universitat Dusseldorf, Germany) with an alpha of 0.05, a statistical power of 0.80, and
an effect size of 0.60 based on previous resistance training performance (i.e. total mass
lifted) in the previous literature [6]. Accordingly, at least 21 participants were required
for this study. Plausible drop-out rate was set on 15%, and 25 subjects were recruited
[37,38].

2.8. Statistical analysis

Data are presented as means and standard deviations (Mean + SD). The normal dis-
tribution of the variables (Shapiro-Wilk test) and the homogeneity of the variances
(Levene's test) were tested for each variable (p > 0.05). A two-way repeated measures
analysis of variance (ANOVA) (condition X time) was used to explore the effect of the
interventions (LD, HD, and PLA) along the time on the magnitude of each dependent
biochemical and perceptual variable. Bonferroni post-hoc comparison was performed
when ANOVA significance was reached. A one-way repeated measures ANOVA was
used to compare velocity analyses. The Greenhouse-Geisser correction was applied
when Mauchly’s sphericity test was significant (p < 0.05). The Cohen’s d effect size (ES)
with 95% confidence intervals was calculated to evaluate the magnitude of the
differences using the following scale: negligible (<0.20), small (0.20-0.49), moderate
(0.50-0.79), and large (=0.80) [39]. If non-parametric data were examined, Friedman
and post-hoc Wilcoxon were used instead. Statistical analyses were performed using
the software package SPSS (IBM SPSS version 25.0, Chicago, IL, USA). Statistical sig-
nificance was set at p <0.05.
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Table 1. Metabolic response to the different conditions of phenylcapsaicin supplementation.

Condition ANOVA
Variable Time PLA LD HD Condition Time Condition x time
Lactate (mmol/L) Pre 1.9+0.6 1.7+04 1.6+04 F=149 F=269.62 F=0.94
Post 124435 12.7+45 11.5+2.8 p=023 p<0.001* p=0.34
Urea (mg/dl) Pre 320+£11.6 298+10.7 303+104 F=0.11 F=3244 F=0.94
Post 389+174 408+142 375+182 p=089 p<0.001* p=0.39
AST (U/L) Pre 18.6+9.9 174+113 164%113  Pre;p* =077

Post 29.6 £8.6 271+147 224+109  Post; p*=0.03*

Mean = standard deviation. AST, Aspartate aminotransferase; PLA, Placebo; HD, High dose; LD, Low dose. Pre; measure-
ments; Taken each week before the first session. Post; Taken 90 s after squat testing for lactate, 40 min for urea, and 24
h for AST. * Significant difference (p < 0.05). # non-parametric outcome.

3. Results
3.1. Blood testing

Two-way repeated measures ANOVAs reported significant differences of lactate and
urea concentrations for time (pre-post comparisons) (F=269.62, p < 0.001) but not
for condition (F=1.49, p=0.23) or condition x time interaction (F=0.94, p=0.34)
(Table 1). For AST, Friedman's test revealed no significant differences between
conditions in pre-values (p=0.77), showing similar baseline levels. However, sig-
nificant differences between the conditions were found for AST post-values (p=
0.03, Table 1). Post-hoc Wilcoxon test revealed significantly higher post-levels of
AST for PLA compared to HD (p=0.02).

3.2. Resistance training protocol

One-way repeated measures ANOVAs of movement velocity outcomes revealed signifi-
cant effects for mean velocity and maximal VL (p range < 0.001 to 0.05, Table 2).
Bonferroni post-hoc comparisons revealed significant differences between HD and LD
for maximal VL (p = 0.008), and it was almost achieved between HD and PLA for the mean
velocity variable (p=0.06). The magnitude of the differences between the different
conditions ranged from negligible to large (Table 3).

Table 2. Mechanical characteristics of the training session carried out under different conditions of
phenylcapsaicin supplementation.

Condition

Variable PLA LD HD ANOVA
Repetitions (n) 23.8+0.6 24.0+0.0 24.0+0.0 F =#, p=#
Fastest-V (m-s~") 0.78 £ 0.04 0.78 £0.03 0.80 £ 0.06 F=2.45; p=0.09
Mean-V, (m-s~") 0.59 +0.05 0.61+0.07 0.64 +0.07 F=4.14, p=0.02%
Slowest-V; (m-s™") 0.43+0.10 0.45+0.09 0.49 £0.09 F=2.69, p=0.08
MeanLoss-V (%) 31.2+99 31.7+93 27.7+88 F=279, p=0.07
MaxLoss-V (%) 36.9+10.8 38.0£10.6 328+83 F=0.33, p=0.05*

Mean + standard deviation. Repetitions, Repetitions performed in the protocol; fastest-V, the highest velocity measured
in the 3 sets; mean-V, mean velocity of all repetitions during the 3 sets; Slowest-V, Slowest velocity measured in the 3
sets; MeanLoss-V, mean percent loss in velocity from the fastest to the slowest repetition over the 3 sets; MaxLoss-V,
maximum percent loss in velocity from the fastest to the slowest repetition over the 3 sets; PLA, Placebo; LD, Low dose;
HD, High dose; * Significant difference (p < 0.05); # value not defined.
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Table 3. Cohen’s d effect size (ES) with 95% confidence intervals (Cl) comparing mechanical
outcomes between conditions.

LD vs. PLA HD vs. PLA LD vs. HD
Fastest-V (m-s™") 2.22(1.76, 2.67) 0.41 (0.00, 0.82) 1.17 (0.65, 1.17)
Mean-V, (m-s™") 0.08 (-0.36, 0.51) 0.53 (0.08, 0.99) —0.37 (~0.65, —0.08)
Slowest-V, (m-s™") 0.16 (-0.36, 0.069) 0.53 (-0.06, 1.13) —0.37 (-0.65, —0.08)
MeanLoss-V (m-s~") 0.09 (-0.26, 0.44) —0.33 (~0.80, 0.14) 0.38 (0.06, 0.69)
MaxLoss-V (m-s™") —0.15 (-0.21, 0.52) —0.28 (-0.73, 0.17) 0.45 (0.15, 0.75)

Mean + standard deviation. Repetitions, Repetitions performed in the protocol; 60% fastest-V, highest velocity
measured in the 60% sets; fastest-V, highest velocity measured in the 3 sets; mean-V, mean velocity of all repetitions
during the 3 sets; Slowest-V, Slowest velocity measured in the 3 sets; MeanLoss-V, mean percent loss in velocity from
the fastest to the slowest repetition over the 3 sets; MaxLoss-V, maximum percent loss in velocity from the fastest to
the slowest repetition over the 3 sets; PLA, Placebo; LD, Low dose; HD, High dose. A positive ES indicates a higher
value for HD compared to PLA, LD compared to PLA, and LD compared to HD.

3.3. Rating of perceived exertion and perceived recovery status assessments

Two-way repeated measures ANOVAs for RPE-OB reported significant differences for time
(F=49.00, p < 0.001) but not for condition (F=2.77, p =0.07) or condition X time interac-
tion (F=1.339, p=0.26) (Figure 2A). However, Bonferroni post-hoc analyses revealed no
significant differences. For RPE-AM, both condition (F=9.19, p<0.001) and time (F=
36.154, p < 0.001) reached significant differences but not condition x time interaction (F =
0.553, p=10.70). Bonferroni post-hoc analyses showed significant differences for all time
comparisons (p range < 0.001 to 0.002) and for comparisons between PLA and HD (p =
0.004) and between HD and LD (p=0.02) (Figure 2B). On the other hand, one-way
repeated measures ANOVAs found no significant differences between conditions for
PRS (F =0.698, p =0.46, Figure 2C).

4. Discussion

This is the first study where the impact of a capsaicinoid has been evaluated on several
topics, such as muscle damage, protein breakdown, recovery, peripheral perceived exer-
tion, and velocity-performance variables with an acute 24-h design in strength-trained
men. The main finding of this study was that although HD reduced RPE-AM and enhanced
mechanical performance, it also exhibited lower muscle damage in comparison to PLA
and LD. The main HD effects were documented through reductions in maximal VL and
eliciting a positive trend in the velocity of the slowest repetitions compared to LD and
PLA. Collectively, contrary to the initial hypothesis, the ergogenic effects of PC on
performance variables were only verified for HD. In addition, a significant dose-response
relationship for LD and HD was not fulfilled for any of the particular outcomes. On the
other hand, contrary to our initial hypothesis, HD was effective in reducing muscle
damage. Therefore, the results of the present study confirm a plausible ergogenic effect
of PC on strength training and performance, but an HD seems to be necessary.
Regarding metabolic blood testing, previous literature has described that the
involvement of major muscle mass areas (e.g. lower-limb exercise) and the execution
time are key factors in lactate response [40]. In this sense, a higher velocity loss is
linearly correlated with an increase in lactate levels after SQ exercise [20]. Accordingly,
resistance training stimulus applied in the present study was effective inducing
a lactate response between pre- and post-exercise states. These results agree with
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the only previous study where lactate was assessed after capsaicin supplementation
[6]. Within this context, in our study, post-exercise lactate levels tended to be lower in
HD conditions compared to PLA and LD. Preclinical data have shown that lactate is
a potent endogenous inhibitor of TRPV1 activity [41]. For this reason, PC may have
modulated sarcoplasmic calcium efflux channels lowering lactate levels [41]. This
finding agrees with a previous study [6], in which although subjects significantly
performed more repetitions after capsaicin ingestion compared to placebo, non-
significant lower lactate levels were reported for capsaicin condition. This reduction
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on lactate kinetics after oral capsaicin administration has also been reported in other
high-intensity exercise modalities, such as running time trial [42].

Concerning protein breakdown, previous literature has observed an accelerated cata-
bolic effect on purine nucleotides in skeletal muscle after strenuous exercise [29,43]. As
a waste product of ammonium, urea levels are linked to exercise intensity (i.e. closeness to
muscle failure), which can be assessed through velocity loss [20,29]. Previous research has
fixed purine breakdown threshold on 35% of VL in the SQ exercise [20]. In the present
study, all protocols induced moderate increases in urea levels following exercise.
However, none of the protocols achieved this cutoff threshold. Nevertheless, although
significant differences were not reported between conditions, the absolute increase
tended to be lower in HD, which reported a significantly lower maximal VL. In agreement
with protein breakdown, strenuous exercise also raises inflammation and oxidative stress,
which can be observed in different muscle damage biomarkers [44,45]. AST is a liver and
musculoskeletal enzyme which reacts 24 h after demanding exercise [24,45,46]. In this
regard, HD exhibited lower levels of AST than PLA after 24 h. This finding may be linked to
the lower mechanical stress suffered during the HD conditions since HD obtained higher
velocities and lower VL values. This mechanical hypothesis may be more intuitive instead
of a direct “antioxidant” or recovery effect of PC due to its synthetic composition [22].

Related to the SQ protocol, the present results agree with the previous literature where
capsaicin enhanced performance when it was acutely ingested [5,6]. In the previous
research, capsaicin (i.e. 12 mg) raised the total number of repetitions performed until
failure in a 4 X 70% 1RM protocol [6]. Within this context, as MPV is a reliable predictor of
the number of repetitions [47], the observed trend of higher MPV values in the last
repetitions (i.e. the slowest repetitions) of HD might have implied an increase in the
total repetitions until exhaustion if the volume had not been matched. Furthermore, as
previous research elicited further benefits of capsaicin in the last set of higher-volume
training protocols, plausible greater effects would have been reported by increasing the
total number of sets [3,6]. Regarding the potential ergogenic mechanisms underlying
capsaicin effects on SQ performance, according to previous research, they may be linked
to an increase of calcium released by the sarcoplasmic reticulum, higher acetylcholine
levels, and its analgesic effect [5,48]. As afferents Ill and IV fibers seem to contribute to the
development of central fatigue at spinal and supraspinal levels of the central nervous
system [13,49], this “desensitizer” agent may provide a higher tolerance to firing rate
reductions during strenuous exercise. Thus, as muscle force is critically affected by the
motor unit activity [50], and MPV is a mechanical manifestation of muscle force [20], the
analgesic effect of PC may have played a retardant effect on neuromuscular fatigue
improving MPV, especially at the last repetitions. Consequently, the ergogenic effect of
PC on mechanical outcomes might be explained by a plausible reduction in neural
fatigue [5,51].

Concerning perceived effort variables, previous research has reported RPE-OB
reductions after 12mg of acute capsaicin supplementation [3,6]. Although
a positive trend was observed, our results did not support these RPE-OB reductions
when PC, in HD or LD, was ingested in comparison to PLA. In this sense, most of
the previous research protocols were performed until muscle failure where the
plausible analgesic effect of capsaicinoids may be higher [6,48]. On the other hand,
in the present study, local quadriceps RPE-AM was highly affected by HD in



JOURNAL OF THE INTERNATIONAL SOCIETY OF SPORTS NUTRITION e 203

comparison to LD and PLA. Considering that the RPE can be modulated by
changes in the neuronal circuitry of the brain [52,53] and afferent feedback from
Il and IV afferents may raise exercise-related discomfort [11] and RPE [16], this
effect of PC on RPE-AM could be mediated by TRPV1 interaction. In addition, since
HD but not LD produced significant effects on RPE-AM, peripheral analgesic effects
of PC [54] during exercise could be dose-dependent. This conjectu™ agrees with
the only previous study where a LD of a regularly bioavailable capsaicin supple-
ment was consumed before a resistance training protocol [18]. In this study,
fatigue index and isometric knee torque were not affected after 1.2 mg of capsaicin
[18]. On the other hand, although PC in HD exerted a positive effect on muscle
damage and RPE-AM, PC effects did not produce any improvements in PRS. Hence,
the possible analgesic effect of PC may only appear acutely. Intriguingly, as pre-
vious research [5] hypothesized that capsaicin may increase injury risk due to its
analgesic effect, in this study, only two participants dropped out, one for personal
reason and the other during the placebo session.

Collectively, our findings suggest that a 2.5 mg dose of PC provides a plausible
ergogenic effect on strength performance, muscle damage, and peripheral per-
ceived exertion in comparison to PLA and a lower dose of 0.625mg. This novel
information is valuable because never before a capsaicinoid has been evaluated
concerning muscle damage, protein breakdown, and peripheral fatigue. Finally, this
study presents important strengths such as a triple-blinded, placebo-controlled
crossover design, trained participant enrollment, and the use of velocity measures
as performance indicators. However, some limitations should be addressed. First,
electromyographical assessment may have completed the internal reliability of the
peripheral effects of PC. Another possible limitation is that the study was only
carried out in male athletes, for this reason, these results may not be extrapolated
to other populations such as female athletes or untrained subjects. Furthermore,
these results should be cautiously interpreted for other exercises and tasks not
performed in a laboratory environment. Finally, as in this study only three sets of
SQ in a single training session were performed, further research may evaluate the
effects of phenylcapsaicin during longer workouts and chronic trials to verify
whether or not these benefits are replicated in these conditions.

5. Conclusions

The results of the present study suggest that an HD (2.5 mg) of PC supplementation
ingested 45 min before exercise may increase SQ performance and reduce muscle
damage, as well as peripheral quadriceps perceived exertion in strength-trained subjects
in comparison to an LD (0.625 mg) and PLA. Therefore, the ergogenic effect of PC may
appear after a “dose” threshold is reached.
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